LYT1 is an essential gene for the growth and morphogenesis of Saccharomyces cerevisiae. A detailed characterization of mutants carrying the lytJ-J allele showed that this mutation was recessive and pleiotropic, affecting both mitotic and meiotic functions. At the nonpermissive temperature of 37°C, lyti haploid strains budded at a distal position (instead of an axial one, as in wild-type haploid strains) and underwent autolysis when the buds were almost the size of the mother cells. These mitotic alterations in cell stability and budding topology were dependent on growth and protein synthesis. Autolysis was prevented by inhibiting DNA synthesis (with hydroxyurea) or by blocking the assembly of microtubules (with benomyl), suggesting that loss of cell viability must occur at a fixed mitotic cycle stage after DNA synthesis and mitotic spindle assembly. On the other hand, lyti-Jllyti-l diploids failed to sporulate at both 24 and 37°C. Taking into account these characteristics, the lyti mutant could be considered a cdc-like mutant. By genetic transformation of an appropriate lyti strain with a genomic library, ligated to the multicopy vector YEpl3, we isolated a gene capable of complementing mitotic alterations but not the meiotic defect. This was the sporulation-specific gene SP012, which is expressed under the control of the locus ML4T in meiosis and is also expressed in the mitotic cycle (V. Parkes and L. H. Johnston, Nucleic Acids Res. 20:5617-5623, 1992). A significant level of SP012 mRNA can be detected when this gene is inserted in a multicopy plasmid.
The isolation of fungal mutants displaying a thermosensitive autolytic phenotype is a general strategy to identify genes controlling cell wall integrity and cell viability. Mutants of this type have been described from Saccharomyces cerevisiae (6) , Candida albicans (25) , Schizosaccharomyces pombe (29) , and Aspergillus nidulans (3) . The characteristic shared by these mutant strains is loss of viability when grown at nonpermissive temperatures, leading to the release of the intracellular content. The wide variety of autolytic mutants that can be isolated reflects the complexity of functions involved in cell wall integrity and cell viability. However, some insight into the defect of the corresponding mutant can be obtained by analyzing complementation of the phenotypic defect by osmotic stabilization with sorbitol, which can be precisely determined by means of flow cytometry (10) . Some mutants are osmotic remedial, suggesting that the phenotypic defect must be primarily located in the cell wall (25, 36) . Others are minimally complemented or not complemented at all by the osmotic stabilizer, an indication that the primary alteration probably does not concern cell wall functions, although eventually the cells release their intracellular content.
One aspect of the autolytic mutants that has not been examined in detail is the relationship that they may have with the cell cycle. In some S. cerevisiae autolytic mutants, cell lysis occurs at a particular stage of the cell cycle, whereas in others lysed cells correspond to any cell cycle stage. On the other hand, several cell division cycle (cdc) mutants display a loss in viability after a short incubation at the nonpermissive temperature, when the cells reach the execution point, indicating that they could also be considered autolytic mutants, as will be detailed below. The number of cdc mutants described amounts to about 70 in S. cerevisiae (37) , some of them displaying not * Corresponding author.
only a defect in the cell division cycle but also an impairment in the sporulation process. Studies carried out with S. cerevisiae as well as Schizosaccharomyces pombe cdc mutants affected in mitotic and meiotic cycles indicated that the primary defect is related to DNA synthesis, nuclear division, or metabolism of phosphorylated nucleotides (22, 23, 37) .
In this paper we describe the characterization of S. cerevisiae
lytl-], an autolytic mutant, not complemented by osmotic stabilization with sorbitol (10) , which lyses when grown at 37°C when the bud reaches almost the size of a mother cell (21) and bears a single pleiotropic recessive mutation affecting mitotic and meiotic functions. We have also cloned a gene complementing its mitotic defects, which turned out to be the sporulation gene SPO12.
MATERIALS AND METHODS
Strains and media. The S. cerevisiac strains used and their characteristics are listed in Table 1 . All yeast genetic procedures and media were as described previously (32) . The strains of Escherichia coli used in cloning procedures were DH5OS (11), JM109 (38) , and HB101 (4 (5) and YEp352 (13) (8) . For the same kind of analysis under sporulation conditions, the cultures were grown for 10 h in sporulation media. Total RNA was extracted as described by Percival-Smith and Segall (26) .
The RNA was transferred to Pall BiodyneA nylon membranes and hybridized with a probe labelled by nick translation, as described previously (30) The conditions used were 10 min at 99°C to denature the DNA and to destroy the nucleases, followed by five cycles of 30 s at 94°C, 1 min at 72°C, and 5 min at 45°C. Twenty-five additional cycles (for a total of 30) were done at a hybridization temperature of 55°C. The result of the amplification was checked by agarose gel analysis.
RESULTS
Phenotypic characterization of S. cerevisiae lyti. S. cerevisiae L2 (kindly supplied by E. Cabib, National Institutes of Health Bethesda, Md.) was the autolytic mutant strain used in this investigation. Cells of this strain grow normally at 24°C, but they lyse when transferred to the nonpermissive temperature of 37°C; at the time of lysis the bud and the mother cell have similar sizes. Strain L2 was crossed with wild-type strain 373, and lytic segregants obtained from this cross were further crossed with other wild-type strains. The characterization of diploids and the analysis of tetrads from these crosses gave straightforward results: heterozygous diploids always displayed a wild phenotype, indicating that we were dealing with a recessive mutation. The lytic phenotype was analyzed through successive meioses, and it consistently segregated in a 2:2, lytic-nonlytic fashion. We conclude that the mutant phenotype was determined by a mutation affecting a single Mendelian gene named LYTI (21) .
The comparison of an S. cerevisiae strain carrying the lytl-l trait with the wild-type strain clearly showed that the autolytic mutation affected both growth and cell viability at 37°C (Fig.   1 ). Strain L2C34d (Iytl-J) ( (Fig. 1) . However, cultures at 37°C did not even double in optical density, and the cells lost viability and therefore became stained with PI. Phase-contrast microscopy revealed that most of the cells appeared dark, nonrefringent, with buds almost the size of the mother cell (Fig. 1) . The same results were obtained when the lytl-l strain was grown at 37°C in the presence of an osmotic stabilizer such as sorbitol (0.9 M; data not shown). These results confirm the lethality of lytl mutations at the nonpermissive temperature and suggest that lysis occurs at the last stages of the cell division cycle. Inhibition of protein synthesis with 10 ,ug of cycloheximide per ml consistently blocked autolysis (Fig. 2) (Fig. 3) ; the small fraction of PI-stained cells was similar to that observed in cultures of the wild type, whereas almost 100% of the mutant cells lysed in the absence of HU. Similar results were obtained with benomyl (MCB), which is known to interfere with the assembly of microtubules, leading to a phenotype of doublets of cells with a short spindle body (28) . Again, strain L2C24d at 37°C in the presence of 0.5 mM MCB did not show lysis (Fig. 3) (9, 12, 35) . As shown in Table 3 , the statistical analysis of budding in cultures of the haploid strain L2C24d (lyt1-1) revealed that bud emergence was axial at 240C, but it was distal in more than 80% of the cell population at 37°C. The temperature effect on J. BACTERIOL. the mutant was clearly in contrast to the observations made on the haploid wild-type strain that budded axially regardless of the temperature. No change with respect to the wild type was detected in the budding pattern of homozygous lytl-l/lytl-l diploids at 24 or 37°C.
A gene capable of complementing some of the phenotypic effects of the lyti mutation. In order to clone a gene that could complement the alterations determined by the lytl-l mutation, we constructed strain L2C34d (MA Ta lytl-l leu2-3, 112 his4A34), adequate for genetic transformation with a genomic library ligated to the multicopy vector YEp13. Approximately 15,000 transformants were obtained and screened for their ability to grow at 37°C. This led to the selection of one transformant that grew well at the nonpermissive temperature on plates of MM. Further studies to confirm the complementation were carried out by growing the cells in liquid medium, showing that less than 10% of the transformant cells were lysed after 22 h of growth at 37°C. Transformed cells displayed a normal appearance by phase-contrast microscopy (Fig. 4) the Sequence Data Bank (EMBL and SWISS PROT) led to the somewhat unexpected finding that the two open reading frames corresponded with the genes SP012 and SP016, involved in the sporulation process, which had already been cloned (17) . Our sequencing data (not shown) did not differ from the data reported. We constructed two plasmids with disruptions either in SP012 or in SP016, by insertion of URA3 in an adequate restriction site (Fig. 5) 24 and 37°C, in the wild-type S288C and in the untransformed mutant strain L2C34d. On the other hand, significant transcription of the gene occurred in the transformants with multiple copies of the gene, consistent with the complementation effect, whereas limited transcription was detected in the transformants with SP012 included in low-copy-number plasmids, as could be expected from the lack of complementation under these conditions (Fig. 6 ). Parkes and Johnston (24) concluded that the SP012 gene is expressed during some stages of the mitotic cycle, therefore confirming our results. SP012 in multiple copies not only restored growth and prevented lysis at 37°C but also restored the axial budding pattern in the transformed haploid lytl strain (Table 3) .
However, no complementation of the sporulation deficiency was observed in transformed homozygous lytl-l/lytl-l diploids.
In order to confirm that SP012 was different from the gene LYTJ, we disrupted SP012 by URA3 insertion in strains TD28 and DBY746. These disrupted haploid strains had a wild-type phenotype at both temperatures, 24 and 37°C, with regard to lysis during the mitotic cycle. On the other hand, the disrupted allele spol2::URA3 determined apomictic sporulation in homozygous diploids (data not shown), a confirmation of the results described previously (17) , which also certifies our disruption of the SP012 gene. The SP012 gene has recently been described (24) as a suppressor of dbf2 mutation. The Dbf2 phenotype was apparently very similar to the Lytl phenotype. To discern whether it was the same mutation, we constructed heterozygous diploids dbf2/lytJ-1, which were able to grow at 37°C without lysis. We can thus conclude that they are different mutations.
DISCUSSION
Autolytic mutants identify genes that are essential for cell growth and viability. Therefore, the characterization of these mutants can contribute to the characterization of the corresponding essential cellular functions. One of these genes is LYT], needed for the growth and viability of the yeast cell at 37°C. The evidence reported herein clearly shows that the lyti mutation characterized in this work is pleiotropic and recessive, affecting both mitotic and meiotic processes.
The fact that lysis of lytl-l cells was not prevented in the presence of the osmotic stabilizer sorbitol suggests that the formation of a defective cell wall, with the corresponding release of intracellular content, was not the direct effect of the mutation but a consequence that was expressed pleiotropically from the major genetic alteration.
Active growth and protein synthesis were required for the expression of any alteration in the lytl-l mutants, and the autolytic mitotic effects occurred when the cells reached a certain stage after DNA synthesis and microtubule assembly. Thus, the LYT1 gene could be involved in the completion of the mitotic cell cycle and is crucial for cell viability.
So, we could be dealing with a cdc mutant, but it is commonly accepted that cdc mutants stop growing but do not suffer autolysis. We were surprised to observe that all the cdc mutants studied were stained with PI in a high proportion after some hours of incubation at 37°C (Table 2) .
In order to check the relationship between the lytl-l mutation and other cdc mutations whose execution points are close to that of lyt1-1, as was the case with cdc14, cdcl5, and cdc23, we constructed herozygous diploids. The diploids constructed with the cdc14 and cdc23 mutations were able to grow at 37°C, indicating that the lytl-l mutation is different from these. In the case of cdcl5, heterozygous diploids 1ytl-1!cdcl5 are able to grow at 37°C but suffer certain autolysis. On the other hand, transformation of the autolytic strains with the CDC1S gene renders a slight complementation of the autolytic phenotype and complete complementation of the meiotic impairment of lytl-l mutant strains. So, although they are different genes, there must be a very close relationship between the LYT1 and the CDC15 gene products.
The effects of the lytl mutation in bud emergence were remarkable. It is known that selection of the site for bud emergence is not random in S. cerevisiae. Buds are emitted either at an axial position in haploid cells or at a distal position in diploids (9, 12, 35) . A large number of mutants displaying altered budding patterns have been described previously (16) . From these data, a set of genes directly involved in bud site selection have been identified. The products of some of these genes are closely related to the proteins involved in GDP-GTP exchange. Moreover, GTP levels play a crucial role in the regulation of meiotic and mitotic processes (16) . Our results clearly show that LYT1 function is also crucial for bud site selection as well as for the completion of both the mitotic and meiotic cycle. Its relationship with the other genes controlling budding topology remains to be established. Other cdc mutants, namely, cdc24, cdc42, and cdc43 (1, 34) , share with lytl the alteration in budding pattern. But none of the cdc mutants or the bud mutants described so far seems to have the phenotypic traits of lytl (16, 37) .
The observations made with homozygous diploids lytl-li lytl-l revealed another effect of this mutation, namely, the inability to sporulate, an alteration that was nonconditional but constitutive since it was expressed at both 24 and 37°C. In view of the mutagen used, ethyl methane sulfonate, it could be postulated that a point mutation must have occurred in the gene LYT1 so that the mutant allele lytl-l lost functionality more drastically with regard to its role in meiosis than in mitosis. The LYT1 gene product could have two functional domains, for mitotic and meiotic functions, being affected differently as a consequence of the mutation. Similar phenomena have been described for the genes RAD6 (27) and CDC25 (19) . Or, alternatively, a single domain could carry out both functions with different requirements for functionality. It could also be postulated that the function carried out by the LYTI gene product is essential in the mitotic cycle only at 37°C.
The possibility could be raised that the pleiotropic phenotype of Lytl could be due to two different mutations. However, given the multiple crosses between lytl-l and wild-type strains and the fact that in several cdc mutants carrying a single mutation both mitotic and meiotic cycles are affected, we can reasonably assume that our mutant carries a single pleiotropic mutation responsible for all the phenotypic defects or two different mutations in the same gene.
The search for a gene capable of complementing the phenotype of lytl-l mutants led to the isolation of a suppressor, gene SP012, rather than the structural gene LYTI. The explanation for LYT1 not having been isolated is not apparent, since the number of transformants screened can be considered sufficient to isolate any gene. One explanation could be toxicity of the LYT1 product in multiple copies. Therefore, we are currently attempting to clone the LYT1 gene by screening for transformants obtained with a centromeric library. In any case, another remarkable finding of this work is the capacity of the gene SP012, which is known for its involvement in meiotic functions, to complement the phenotypic alterations of lytl-l mutants that affect mitotic functions. Multiple copies of SP012 are needed for the complementation of both mitotic defects, namely, loss of bud emergence site selection and viability. The observed increase in mitotic transcription of SP012 when carried in a plasmid is consistent with the dose-effect dependence of the suppression of the mutant phenotype (Fig. 6 ). According to Malavasic and Elder (17) , SP012 is expressed only under sporulation conditions when it forms part of the chromosome. However, the expression of SP012 during the mitotic cycle was recently reported (24) . In our case, SP012 is minimally expressed during the mitotic cycle, and we present evidence in this paper that the SP012 gene, under sporulation conditions, appears to be expressed under the control of the AL4T locus (Fig. 7) . According to this SP012 should not be expressed in the mitotic cycle. We have no explanation for the discrepancies between the previously published results, but in any case, our evidence would favor the possibility of minimal transcription of SP012 in the mitotic cycle and full expression upon meiosis. Parkes and Johnston cloned SP012 by its ability to complement the dbf2 mutation (24) . Because of the apparent similarity between the Dbf2 and Lytl phenotypes, we have constructed heterozygous diploids carrying both mutations. These diploids were able to grow at 37°C without lysis. This result enabled us to conclude that they are different genes.
Since SP012 is considered a sporulation gene, further studies should deal with its unexpected transcription in the mitotic cycle. By site-directed mutagenesis and other strategies of gene modification, we are currently addressing the question of the relevant domains of SP012 for its biological activity in this context.
